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DIMMER SWITCH HAVING AN ALTERNATE
FADE RATE WHEN USING IN

CONJUNCTION WITH A THREE-WAY
SWITCH

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 61/622,718, filedon Apr. 11, 2012, the
disclosure of which 1s incorporated herein by reference 1n 1ts
entirety.

BACKGROUND

Three-way switching systems enable controlling electrical
loads such as lighting loads from multiple control locations.
These three-way switching systems include three-way
switches that, for example, are wired to a building’s alternat-
ing-current (AC) wiring system, are subjected to AC source
voltage, and/or carry full load current as opposed to low-
voltage switch systems that operate at low voltage and low
current and communicate digital commands (e.g., usually
low-voltage logic levels) to a remote controller that controls
the level of AC power delivered to the load 1n response to the
commands. As such, the “three-way switch” or “three-way
system” include switches and systems that are subjected to
the AC source voltage and carry the full load current.

Additionally, three-way switching system includes two
three-way switches for controlling a single load where each
switch 1s fully operable to independently control the load
irrespective of the status of the other switch. In such a system,
one three-way switch 1s typically wired at the AC source side
of the system (e.g., at or on “line side”), and the other three-
way switch 1s typically wired at the load side of the system.
For example, FIG. 1 shows a standard three-way switch sys-
tem 100 that includes two three-way switches 102, 104. The
two three-way switches 102, 104 are connected between an
AC power source 106 and a lighting load 108. When the
three-way switches 102, 104 are both 1n position A or both 1n
position B, the electrical circuit 1s complete and the lighting,
load 108 1s energized. When one three-way switch 102 1s 1n
position A and the other three-way switch 104 1s 1n position B
or vice versa, the electrical circuit 1s not complete and the
lighting load 108 1s off.

Three-way dimmer switches can also replace three-way
switches. For example, FI1G. 2 depicts a simplified diagram of
an example of a three-way dimming system 200 that includes
a three-way dimmer switch 202 and a standard three-way
switch 104. As shown in FIG. 2, the three-way dimmer switch
202 includes a dimmer circuit 210 and a three-way switch
212. The dimmer circuit 210 typically includes a bidirectional
semiconductor switch such as a triac for regulating the
amount of energy supplied to the lighting load 108. Specifi-
cally, the dimmer circuit 210 conducts load current to the
lighting load 108 for some portion of each halt-cycle of the
AC wavetorm and does not conduct the load current to the
load for the remainder of the half-cycle. Because the dimmer
switch 202 1s 1n series with the lighting load 108, the longer
the dimmer switch conducts the load current, the more energy
will be delivered to the lighting load 108. When the lighting
load 108 15 a lamp, the more energy delivered to the lighting
load 108, the greater the light intensity level of the lamp. In a
typical dimming scenario, a user may adjust a control ofauser
interface of the dimmer switch 202 to set the light intensity
level of the lamp to a desired light intensity level. The portion
of each half-cycle for which the dimmer switch 202 conducts
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1s based on the selected light intensity level. As shown i FIG.
2, today, the three-way dimming system 200 includes one
three-way dimmer switch 202, which can be located on either
the line side or the load side of the system as, currently, two
dimmer circuits such as the dimmer switch 202 can not be
wired 1n series.

Additionally, three-way dimming systems such as the
three-way dimming system 200 shown 1n FIG. 2 can employ
a “smart” dimmer switch and/or a specially designed auxil-
1ary (e.g., remote) switch that permits the dimming level to be
adjusted from multiple locations. A smart dimmer 1s a dim-
mer that includes a microcontroller or other processing com-
ponents for enabling an advanced set of control features and
teedback options to the end user. To power the microcontrol-
ler, smart dimmers include power supplies that draw a small
amount of leakage current through the lighting load each
half-cycle when the bidirectional semiconductor switch of
the dimmer circuit 210 shown 1n FIG. 2 1s non-conductive.
The power supply uses this small amount of current to charge
a capacitor and develop a direct-current (DC) voltage to
power the microcontroller. No load current flows through the
dimmer circuit 210 shown 1n FIG. 2 of the three-way dimmer
switch 202 when the circuit between the AC power source 106
and the lighting load 108 1s broken by either three-way switch
212, 104. As such, currently, the dimmer switch 202 can not
include a power supply and a microcontroller and still operate
to properly provide the advanced set of features to the end
user when the lighting load 108 1s on and off.

To provide such a “smart” dimmer system, multiple light-
ing controls can also be used. FIG. 3 shows an example
multiple location lighting control system 300 that can provide
such a “smart” dimmer system. As shown 1 FIG. 3, the
multiple location lighting control system 300 1includes a wall-
mountable smart dimmer switch 302 and a wall-mountable
remote switch 304 (e.g., an accessory control). The dimmer
switch 302 has a hot terminal H for receipt of the AC source
voltage provided by the AC power supply 106, and a dimmed-
hot terminal DH for providing the dimmed-hot voltage to the
lighting load 108. The accessory control 304 1s connected 1n
series with the dimmed-hot terminal DH of the dimmer
switch 302 and the lighting load 108 such that the accessory
control 304 passes the dimmed-hot voltage through to the
lighting load. The multiple location lighting control system

300 1s described 1n greater detail in commonly-assigned U.S.
Pat. No. 5,248,919, 1ssued on Sep. 28, 1993, entitled LIGHT-

ING CONTROL DEVICE, and U.S. Pat. No. 5,798,581,
1ssued Aug. 25, 1998, entitled LOCATION INDEPENDENT
DIMMER SWITCH FOR USE IN MULTIPLE LOCATION
SWITCH SYSTEM, AND SWITCH SYSTEM EMPLOY-
ING SAME, the entire disclosure of which 1s hereby incor-
porated by reference.

Additionally, the dimmer switch 302 and the accessory
control 304 both have actuators to enable toggling the lighting
load 108 on and off and/or for raising and lowering the mten-
sity of the lighting load. The dimmer switch 302 1s responsive
to actuation or selection of the actuators to turn the lighting
load 108 on or off or adjust the 1ntensity level of the lighting
load from a mimimum 1ntensity (e.g., approximately 0%) to a
maximum intensity (e.g., approximately 100%). In addition,
the dimmer switch 302 may control the imntensity of the light-
ing load 108 to a preset intensity between the minimum and
maximum 1ntensities. When turning the lighting load 108 on
and/or off, the dimmer switch 302 i1s operable to fade the
intensity of the lighting load by increasing or decreasing the
intensity of the lighting load from the minimum intensity to
the preset intensity (e.g., or from the present intensity to the
minimum 1ntensity) over a predetermined amount of time
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(1.e., at a fade rate). The dimmer switch 302 uses a slow
turn-oil time (e.g., approximately 2.5 sec) to gradually turn
off the lighting load 108, which provides an aesthetically
pleasing reduction in the intensity of the lighting load and
provides the user with a few seconds to exit the room 1n which
the lighting load 1s located betfore the lighting load 1s com-
pletely off. The smart dimmer switch 302 can also include a
linear array of visual indicators (not shown) that are 1llumi-
nated to provide feedback of the intensity of the lighting load
108.

Actuation or selection of one of the actuators at the acces-
sory control 304 causes an AC control signal, or a partially-
rectified AC control signal, to be communicated from that
accessory control to the dimmer switch 302 over the wiring
between the accessory-dimmer terminal AD of the accessory
control and the accessory-dimmer terminal AD of the dimmer
switch. The actuators of the accessory control 304 contact
momentary tactile switches inside the accessory control, such
that the dimmer switch 302 receives short pulse signals from
the accessory control (e.g., 100-200 milliseconds in length)
representing a closure of one of the momentary switches in
accessory control. The dimmer switch 302 1s responsive to the
control signal to alter the dimming level or toggle the lighting
load 108 on and off. Thus, the lighting load 108 can be fully
controlled from the accessory control 304.

Although the multiple location lighting control system 300
shown 1n FIG. 3 enables the use of a smart dimmer switch 1n
a three-way system, a customer may need to purchase the
accessory control 304 along with the smart dimmer switch
302. Often, the typical customer 1s unaware that an accessory
control1s used or needed when buying a smart dimmer switch
for a three-way system until after the time of purchase when
the smart dimmer switch 1s 1nstalled and it 1s discovered that
the smart dimmer will not work properly with the existing
three-way switch.

Additionally, to provide a “smart” dimmer system, a
“smart” three-way dimmer switch may be used with a typical
or standard three-way switch. FI1G. 4 illustrate a diagram of a
example three-way dimming system 400 that includes a smart
three-way dimmer switch 402 that 1s operable to work with a
standard maintained three-way switch 404. Thus, there 1s no
need for the installer to purchase a unique accessory control to
replace the three-way switch 404. The smart three-way dim-
mer switch 402 1s wired in place of a previously installed
switch or dimmer switch (e.g., the three-way switch 102
shown 1n FIG. 1 or the dimmer switch 202 shown in FIG. 2).
To provide such a system, a simple rewiring 410 can be
carried out in the wallbox of the three-way switch 404 to
disconnect the dimmed-hot terminal DH of the smart three-
way dimmer switch 402 from the first switch position of the
three-way switch 404 (i.e., position A in FIG. 4) and to con-
nect the dimmed-hot terminal DH to the lighting load 108.
The other switch position of the three-way switch 404 (i.e.,
position B 1n FIG. 4) 1s connected to the accessory-dimmer
terminal AD of the smart three-way dimmer switch 402.

As such, the smart three-way dimmer switch 402 shown 1n
FIG. 4 1s connected between the AC power source 106 and the
lighting load 108 imndependent of the position of three-way
switch 404. The three-way switch 404 now operates by either
connecting the dimmed-hot voltage to or disconnecting the
dimmed-hot voltage from the accessory-dimmer terminal AD
on the smart three-way dimmer switch. The smart three-way
dimmer switch 402 can also be wired to the load side of
system 400 and operation of the three-way switch 404 would
connect and disconnect the AC power source voltage to and
from the accessory-dimmer terminal AD on the smart three-
way dimmer switch. Also, a two-way switch an be used in
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place of three-way switch 404 since the first position A 1s not
being used. Rather than receiving a signal at the accessory-

dimmer terminal AD that 1s a short pulse (1.e., representing a
closure of one of the momentary switches in the accessory
control 304), the smart three-way dimmer switch 402 deter-
mines when the voltage at the accessory-dimmer terminal AD
changes states (1.e., from an AC line voltage signal to zero
volts, and vice versa). Based on this determination, the smart
three-way dimmer switch 402 toggles the state of the lighting
load 108. The three-way dimming system 400 of FIG. 4 1s
described in greater detail in commonly-assigned U.S. Pat.
No. 7,247,999, 1ssued Jul. 24, 2007, entitled DIMMER FOR
USE WITH A THREE-WAY SWITCH, the entire disclosure
of which 1s hereby incorporated by reference

The dimmer switch 402 of the three-way dimmer system
400 shown in FI1G. 4 may use a the slow turn-oif fade rate (1.¢.,
approximately 2.5 seconds) to gradually turn off the lighting
load. While this gradual adjustment of the intensity of the
lighting load 108 provides benefits to the user as previously
mentioned, the reduction may not be immediately perceptible
by the human eye. A user of the smart dimmer switch 302 or
the accessory control 304 of the lighting control system 300
shown 1n FIG. 3 may be aware of the slow turn-oif rate
provided by the smart dimmer switch. Unfortunately, the user
of the standard three-way switch 404 of the dimming system
400 may expect the intensity of the lighting load 108 to
change rapidly when the lighting load 1 1s turned off. Since the
dimmer switch 402 uses the slow turn-oif or turn-on fade rate,
the adjustment of the intensity of the lighting load 108 in
response to an actuation of the three-way switch typically 1s
not immediately noticed by the user. As such, the user can
become confused causing the user to once again actuate the
three-way switch 404 and, thus, change the intensity to an
undesired level and/or even conclude that the three-way

switch 1s not functioning correctly.

SUMMARY

A multiple location load control system may be provided.
The multiple location load control system may enable the
amount of power delivered from an alternating-current (AC)
power source to an electrical or lighting load to be controlled.
For example, a load control device such as a dimmer switch or
an accessory switch may be adapted to be used in combina-
tion with a standard three-way switch (e.g., a toggle switch)
where the dimmer switch or accessory switch and the stan-
dard three-way switch may control the lighting load. The
dimmer switch or accessory switch may be operable to use a
first fade rate when turning on or off a lighting load 1n
response to an actuation of a local actuator (e.g., an actuator
of the dimmer switch or accessory switch) and a second fade
rate that may be faster than the first fade rate when turning on
or off the lighting load 1n response to an actuation of the
standard three-way switch, such that the adjustment of the
intensity of the lighting load 1n response to the actuation of the
dimmer switch or accessory switch may be gradual and the
adjustment of the intensity of the three-way switch may be
fast or immediate as expected by a user thereof.

For example, a dimmer switch for controlling the amount
of power delivered from an AC power source to a lighting load
may be adapted to be coupled to a standard three-way switch
where the standard three-way switch may be coupled to a
source and/or the load. The dimmer switch may include a
controllably conductive device adapted to be coupled 1n
series electrical connection between the source and the load,
an actuator operable to recerve a user input, a controller
operatively coupled to the actuator, a control mput of the
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controllably conductive device for controlling the power
delivered to the lighting load, and/or an external-control ter-
minal adapted to receive an external control signal from the
three-way switch. The controller may be operable to turn off
or even turn on the lighting load at a first turn-oif or turn-on
rate 1n response to an actuation of the actuator, may be opera-
tively coupled to the external-control terminal for receipt of
the external control signal, and/or may be operable to turn off
or even turn on the lighting load 1n response to the external
control signal at a second turn-oif or turn on rate faster than
the first turn-ofif or turn-on rate. The first and second turn-oif
or turn-on rates may provide an adjustment of the intensity of
the lighting load 1n response to the actuation of the dimmer
switch (e.g., gradual) and the three-way switch (e.g., fast or
immediate) expected by a user thereof.

Additionally, a dimmer switch for controlling the amount
of power delivered from an AC power source to a lighting load
may be adapted to be coupled to one of an accessory control
having a momentary actuator and a standard maintained
three-way switch where the standard maintained three-way
switch may be coupled to one of the source and the load. The
dimmer switch may include a controllably conductive device
adapted to be coupled 1n series electrical connection between
the source and the load, a controller operatively coupled to a
control mput of the controllably conductive device for con-
trolling the power delivered to the lighting load, and/or an
external-control terminal adapted to be coupled to erther the
accessory control or the three-way switch. The controller may
operate 1 a momentary mode of operation when the acces-
sory control may be coupled to the external-control terminal
and 1n a maintained mode of operation when the three-way
switch maybe coupled to the external-control terminal. Addi-
tionally, the controller may be operable to turn off the lighting,
load at a first turn-oif rate in response to an actuation of the
actuator of the accessory control and/or to turn oif the lighting
load at a second turn-oif rate faster than the first turn-oif rate
in response to an actuation of the three-way switch. The first
and second turn-oif or turn-on rates may provide an adjust-
ment of the mtensity of the lighting load in response to the
actuation of the accessory switch (e.g., gradual) and the three-
way switch (e.g., fast or immediate) expected by a user
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a typical, standard three-way
switch system.

FIG. 2 1s a block diagram of typical three-way dimmer
switch system.

FIG. 3 1s a block diagram of a typical multiple location
lighting control system.

FIG. 4 1s a block diagram of a typical three-way dimming,
system with a smart three-way dimmer switch that 1s operable
to work with a standard maintained three-way switch.

FIG. 5 1s a bock diagram of a multiple location lighting
control system.

FI1G. 6 1s a block diagram of a dimmer switch ofthe lighting
control system of FIG. 5.

FI1G. 7 1s a flowchart of an example method or procedure

for providing or recerving user input that may be executed the
dimmer switch of FIG. 6.

DETAILED DESCRIPTION

FIG. 5 15 a diagram of an example multiple location light-
ing control system 500. The lighting control system 500
includes a smart dimmer switch 502 and a standard main-
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tained three-way switch 504 coupled between an AC power
source 506 and a lighting load 508 to control the intensity of
the lighting load. To couple the dimmed-hot terminal DH of
the smart three-way dimmer switch 502 directly to the light-
ing load 108, a rewiring 510 may be used or implemented 1n
a wallbox of the three-way switch 504. The dimmer switch
502 may be connected to the three-way switch 504 via an
external-control terminal EC via the other electrical conduc-
tor between the dimmer switch 502 and the three-way switch
504.

The dimmer switch 502 may include a faceplate 512, a
bezel 513 received 1n an opening of the faceplate, a toggle
actuator 514, and/or an intensity adjustment actuator 516.
Actuations of the toggle actuator 514 toggle (1.e., turn off and
on) the lighting load 508. Additionally, actuations of an upper
portion 516 A or a lower portion 516B of the intensity adjust-
ment actuator 516 respectively increase or decrease the
amount of power delivered to the lighting load 508 and, as
such, increase or decrease the intensity of the lighting load
from a minimum intensity (e.g., 1%) to a maximum intensity
(e.g., 100%). A plurality of visual indicators 518 may be
arranged 1n a linear array on the left side of the bezel 513 and
may be illuminated to provide feedback of the intensity of the
lighting load 508.

The controller 524 may also be responsive to “advanced”
actuations of the toggle actuator 514. For example, the dim-
mer switch 302 may quickly turn on to the maximum intensity
in response to a double tap of the toggle actuator 514 (e.g.,
two actuations of the toggle actuator 1n quick succession). In
addition, the dimmer switch may slowly fade off from the
present intensity 1n response to a press and hold of the toggle
actuator 514. Examples of such advanced actuations of the
toggle actuator 514 are described in greater detail 1n previ-
ously-referenced U.S. Pat. No. 5,248,919, as well as U.S. Pat.
No. 7,071,634, 1ssued Jul. 4, 2006, entitled LIGHTING
CONTROL DEVICE HAVING IMPROVED LONG FADE
OFF, the entire disclosure of which 1s hereby incorporated by
reference.

FIG. 6 1llustrates a block diagram of the dimmer switch 502
of FIG. 5. As shown 1n FIG. 6, the dimmer switch 502 may
include a controllably conductive device 520 coupled 1n
series electrical connection between the AC power source 506
and the lighting load 508 shown 1n FIG. 5 that may be used to
control the power delivered to the lighting load. The control-
lably conductive device 520 may include any suitable type of
bidirectional semiconductor switch such as, for example, a
triac, a field-effect transistor (FET) 1n a rectifier bridge, FETs
in anti-series connection, or one or more mnsulated-gate bipo-
lar junction transistors (IGBTs).

As shown 1n FIG. 6, the dimmer switch 502 may include a
controller 524. The controller 524 may be operatively
coupled to a control mput of the controllably conductive
device 520 via a gate drive circuit 522. For example, the
controller 524 may render the controllably conductive device
520 conductive or non-conductive to, thus, control the
amount of power delivered to the lighting load 508.

The controller 524 may include, for example, a micropro-
cessor or any suitable processing device such as a program-
mable logic device (PLD), a microcontroller, an application
specific mtegrated circuit (ASIC), or a field programmable
gate array (FPGA). Additionally, the controller 524 may
receive mputs from local actuators 526 (1.¢., the toggle actua-
tor 514 and the intensity adjustment actuator 516), and may
control (e.g., individually) a plurality of light-emitting diodes
(LEDs) 528 to 1lluminate the linear array of visual indicators
518. The controller 524 may also receirve a zero-crossing
control signal representative of the zero-crossing points of the
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AC mains line voltage of the AC power source 506 from a
zero-crossing detector 529 such that, 1n an example, the con-
troller 524 may be operable to render the controllably con-
ductive device 520 conductive and non-conductive at prede-
termined times relative to the zero-crossing points of the AC
wavelorm using a phase-control dimming technique.

As shown 1 FIG. 6, the dimmer switch 502 may further
include a power supply 532. The power supply 532 may
generate a direct-current (DC) supply voltage V... The DC
supply voltage V .~ may be used to power the controller 524
and/or other low-voltage circuitry of the dimmer switch 502.

Additionally, the dimmer switch 502 may include a wire-
less communication circuit, e.g., a radio-frequency (RF)
transceiver 534, which may be coupled to an antenna 536 for
transmitting and/or recerving messages or data (e.g., digital
messages) via RF signals. For example, 1n response to the
digital messages recerved via the RF signals, the controller
524 may be operable to control the controllably conductive
device 520 to adjust the intensity of the lighting load 508. The
controller 524 may also transmit feedback information
regarding the amount of power being delivered to the lighting
load 508 via the digital messages included 1n the RF signals.
Examples of wall-mounted RF dimmer switches are

described 1n greater detail 1n U.S. Pat. No. 5,982,103, 1ssued
Nov. 9, 1999, and U.S. Pat. No. 7,362,285, 1ssued Apr. 22,
2008, both enftitled COMPACT RADIO FREQUENCY
TRANSMITTING AND RECEIVING ANTENNA AND
CONTROL DEVICE EMPLOYING SAME; U.S. Pat. No.
5,905,442, 1ssued May 18, 1999, entitled METHOD AND
APPARATUS FOR CONTROLLING AND DETERMIN-
ING THE STATUS OF ELECTRICAL DEVICES FROM
REMOTE LOCATIONS; and U.S. patent application Ser.
No. 12/033,223, filed Feb. 19, 2008, entitled COMMUNICA -
TION PROTOCOL FOR A RADIO-FREQUENCY LOAD
CONTROL SYSTEM, the entire disclosures of all of which
are hereby incorporated by reference. Alternatively, the wire-
less communication circuit may be implemented as an RF
receiver for recetving RF signals, an RF transmaitter for trans-
mitting RF signals, or an infrared recerver for recerving inira-
red (IR) signals. In addition, the dimmer switch 502 could
alternatively comprise a wired communication circuit
adapted to be coupled to a wired communication link.

The dimmer switch 502 may also include an external signal
detector circuit 538. The external signal detector circuit 538
may receive an external control signal from the three-way
switch 504 via the external-control terminal EC. Specifically,
the external control signal may be, for example, equal to
approximately zero volts when the three-way switch 504 may
be 1n position A. Additionally, the external signal may be
equal to approximately the dimmed-hot signal when the
three-way switch 1s in position B (1.e., the three-way switch
504 provides a maintained control signal to the dimmer
switch 502). Alternatively, the three-way switch 504 shown 1in
FIG. S may be coupled to the line-side of the system 500, such
that the external control signal would be equal to approxi-
mately the AC line voltage when the three-way switch 1s 1n
position B. In such examples, the controller 524 may be
operable to operate in a maintained mode of operation to
control the lighting load 508 1n response to the external con-
trol signal. For example, the controller 524 may toggle the
lighting load 508 on and oil when the external control signal
changes states (1.e., between zero volts and the dimmed-hot
signal) when in the maintained mode of operation.

The dimmer switch 302 may also be coupled to an acces-
sory control (e.g., rather than the three-way switch 304) viaan
accessory-dimmer terminal AD and may be operable to oper-
ate 1n a momentary mode of operation 1n response to the short
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pulses of the control signal recerved from the accessory con-
trol (e.g., as described with respect to the lighting control
system 300 shown in FIG. 3). The accessory control may also
have a toggle actuator and an intensity adjustment actuator
(e.g., stmilar to those of the dimmer switch 3502). In an
example, the controller 524 may be operable to change
between the maintained mode of operation and the momen-
tary mode of operation 1n response to a predetermined actua-
tion and/or a sequence of actuations of the local actuators 526
(1.e., the toggle actuator 514 and the intensity adjustment
actuator 516). For example, a user of the dimmer switch 502
could press and hold the toggle actuator 514 and the upper
portion 516A of the intensity adjustment actuator 316 for a
predetermined amount of time (e.g., approximately five sec-
onds) to enter a maintained or momentary programming
mode that may be provided or controlled by the controller
524. The user could then press the upper and lower portions
516 A, 5168 of the intensity adjustment actuator 516 to select
cither the maintained mode of operation or the momentary
mode of operation. The controller 524 may cause the LEDs
528 to blink one or more of the visual 1indicators 518 in the
linear array that may be representative of the selected mode of
operation. When the desired mode of operation may be
selected (and the appropriate visual indicator 518 may be
blinking), the user could then press the toggle actuator 514 to
exit the maintained/momentary programming mode.

Alternatively, the controller 524 could change between the
maintained mode of operation and the momentary mode of
operation 1n response to an advanced programming proce-
dure performed by the user of the dimmer switch 502 as
described 1n commonly-assigned U.S. Pat. No. 7,190,125,
1ssued Mar. 13, 2007, entitled PROGRAMMABLE WALL-
BOX DIMMER, the entire disclosure of which is hereby
incorporated by reference. Additionally, the controller 524
could alternatively be operable to automatically change from
the momentary mode of operation to the maintained mode of
operation 1n response to determining that the external control
signal may be approximately equal to the AC line voltage or
the dimmed-hot voltage for a predetermined amount of time
(e.g., approximately ten seconds) as described 1n previously-
referenced U.S. Pat. No. 7,247,999.

When operating in the momentary mode, the controller 524
may use a first turn-on fade rate (e.g., approximately 0.75
second) when turning the lighting load 508 on and uses a first
turn-oif fade rate (e.g., approximately 2.50 seconds) when
turning the lighting load off. The specific values of the first
turn-on rate and the first turn-oif rate may be adjusted using
the advanced programming procedure of the dimmer switch
502 (e.g., between approximately 0.75 second and 135 sec-
onds). When operating 1n the maintained mode (i.e., 1n
response to or use of the standard three-way switch 504), the
controller 524 may use a second turn-on fade rate (e.g.,
approximately 0.50 second) when turning the lighting load
508 on and uses a second turn-oif fade rate (e.g., approxi-
mately 0.75 second) when turning the lighting load off. Since
the second turn-on rate and the second turn-oif rate are very
short, the dimmer switch 502 adjusts the intensity of the
lighting load 508 very quickly (1.e., in a similar manner to
how the lighting load 108 would be controlled 1n the switch
system 100 of FIG. 1) as may be expected by a user of the
lighting controls system 300 when actuating the three-way
switch 504. In another example, the second turn-on rate and
the second turn-oif rate could each be approximately zero
seconds.

When operating 1n the momentary mode, the controller 524
may quickly control the lighting load 508 to the maximum
intensity (e.g., using the second turn-on fade rate or a third
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turn-on fade rate) in response to a double tap of a toggle
actuator of either the dimmer switch or a connected accessory
control. The controller 524 may slowly fade the lighting load
508 off (e.g., using a fourth turn-oit rate longer than the first
and second turn-oil rates) in response to a press and hold of a
toggle actuator of either the dimmer switch or a connected
accessory control when operating 1n the momentary mode.
When operating in the maintained mode, this functionality
may be disabled 1n response to inputs recerved from the
external signal detector 538. For example, the controller 524
may not respond to inputs corresponding to a double tap or a
press and hold received from the standard three-way switch
504 when operating 1n the maintained mode.

FI1G. 7 1s a flowchart of a user input procedure 600 that 1s
executed by the controller 524 of the dimmer switch 502
shown 1n FIGS. 5 and 6 in response to the actuation of one of
the local actuators 526 (1.e., the toggle actuator 514 or the
intensity adjustment actuator 516), or a change 1n the state of
the external control signal received via the external-control
terminal EC. As shown m FIG. 7, 1f a user input comes from
(e.g., may be recerved from) the local actuators 526 at step
610, or 11 the user input comes from (e.g., may be received
from) the external control signal at step 612 and the controller
524 1s operating in the momentary mode at step 614, the
controller may determine which actuator may have been
pressed.

For example, the controller may determine whether a raise
actuator (e.g., the upper portion 516 A of the intensity adjust-
ment actuator 516 on the dimmer switch 502) may have been
pressed at step 616. If the raise actuator was pressed, for
example, at step 616 on either the dimmer switch 502 or a
connected accessory control, the controller 524 increases the
intensity of the lighting load 508 by a predetermined amount
at step 618 and the user input procedure 600 exits.

If, at step 616, the raise actuator was not pressed, the
controller may determine whether a lower actuator (e.g., the
lower portion 5168 of the intensity adjustment actuator 516
on the dimmer switch 502) may have been pressed at step 620.
I1 the lower actuator was pressed, for example, at step 620 on
cither the dimmer switch 502 or a connected accessory con-
trol, the controller 524 decreases the intensity of the lighting
load 508 by the predetermined amount at step 622, before the
user mput procedure 600 exits.

If, at step 620, the lower actuator was not pressed, the
controller may determine whether a toggle actuator (e.g., the
toggle actuator 514 on the dimmer switch) may have been
pressed at step 624. 1T the toggle actuator was pressed, for

example, at step 624 on either the dimmer switch 502 or the
connected accessory control, and the lighting load 508 1s not
on at step 626, the controller 524 turns the lighting load on
using the first turn-on fade rate at step 628. 11 the lighting load
1s on at step 626, the controller 524 turns the lighting load off
at the first turn-off fade rate at 630.

In an example, 1f the user input came from (e.g. may have
been received from) the external control signal at step 612 and
the controller 524 1s operating 1n the maintained mode at step
614 (c.g., the user input was recerved from the standard three-
way switch 504), the controller determines whether there has
been a change of state of the external control signal at step
632. If there has been a change of state of the external control
signal at step 632 and the lighting load 1s not on at step 634,
the controller 524 turns the lighting load on using the second
turn-on fade rate at step 636. I the lighting load 1s on at step
634, the controller 524 turns the lighting load off at the second
turn-oil fade rate at step 638.
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The mvention claimed 1s:

1. A dimmer switch for controlling an amount of power
delivered from an alternating current (AC) power source to a
lighting load, the dimmer switch adapted to be coupled to a
standard three-way switch that 1s coupled to one of the source
and the load, the dimmer switch comprising:

a controllably conductive device adapted to be coupled 1n
series electrical connection between the source and the
load, the controllably conductive device having a control
input;

an actuator operable to recetve a user input via an actuation
of the actuator;

a controller operatively coupled to the actuator and the
control input of the controllably conductive device for
controlling the power delivered to the lighting load,
wherein the controller 1s operable to turn off the lighting
load at a first turn-oif rate 1n response to the user input
via the actuation of the actuator; and

an external-control terminal adapted to receive an external
control signal from the three-way switch, the controller
operatively coupled to the external-control terminal for
receipt of the external control signal, wherein the con-
troller 1s operable to turn oif the lighting load in response
to the external control signal at a second turn-off rate that
1s Taster than the first turn-oif rate.

2. The dimmer switch of claim 1, wherein the first turn-off

rate 1s approximately 2.5 seconds.

3. The dimmer switch of claim 1, wherein the second
turn-oif rate 1s approximately 0.75 seconds.

4. The dimmer switch of claim 1, wherein the controller 1s
operable to turn on the lighting load at a first turn-on rate 1n
response to an actuation of the actuator, and to turn on the
lighting load 1n response to the external control signal at a
second turn-on rate, wherein the second turn-on rate 1s faster
than the first turn-on rate.

5. The dimmer of switch claim 4, wherein a lighting inten-
sity of the lighting load 1s gradually increased at the first
turn-on rate to turn on the lighting load and 1s quickly
increased at the second turn-on rate to turn on the lighting
load.

6. The dimmer switch of claim 4, wherein the first turn-on
rate 1s approximately 0.75 seconds.

7. The dimmer switch of claim 4, wherein the second
turn-on rate 1s approximately 0.5 seconds.

8. The dimmer switch of claim 1, wherein the controller 1s
operable to turn off the lighting load 1n response to the exter-
nal control signal at the second turn-oif rate when the three-
way switch 1s 1n a maintained mode of operation.

9. A dimmer switch for controlling an amount of power
delivered from an alternating current (AC) power source to a
lighting load, the dimmer switch adapted to be coupled to one
of an accessory control having a momentary actuator or a
standard maintained three-way switch that 1s coupled to one
of the source and the load, the dimmer switch comprising:

a controllably conductive device adapted to be coupled 1n
series electrical connection between the source and the
load, the controllably conductive device having a control
nput;

a controller operatively coupled to the control input of the
controllably conductive device for controlling the power
delivered to the lighting load; and

an external-control terminal adapted to be coupled to eitther
the accessory control or the three-way switch, the con-
troller operating in a momentary mode of operation
when the accessory control 1s coupled to the external-
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control terminal and 1n a maintained mode of operation
when the three-way switch 1s coupled to the external-
control terminal,

wherein the controller 1s operable to turn off the lighting
load at a first turn-off rate 1n response to an actuation of
the actuator of the accessory control, and to turn off the
lighting load at a second turn-oif rate that 1s faster than
the first turn-oif rate 1n response to an actuation of the
three-way switch.

10. The dimmer switch of claim 9, wherein the first turn-oft

rate 1s approximately 2.5 seconds.
11. The dimmer switch of claim 9, wherein the second

turn-oil rate 1s approximately 0.75 seconds.
12. The dimmer switch of claim 9, wherein the controller 1s

operable to turn on the lighting load at a first turn-on rate 1n
response to an actuation of the actuator of the accessory
control, and to turn on the lighting load at a second turn-on
rate faster than the first turn-on rate 1n response to an actuation
of the three-way switch.

13. The dimmer switch of claim 12, wherein the first turn-
on rate 1s approximately 0.75 seconds.

14. The dimmer switch of claim 12, wherein the second
turn-on rate 1s approximately 0.5 seconds.

15. The dimmer switch of claim 12, wherein the dimmer
switch 1s adapted to adjust the first turn-on rate and the first
turn-oil between approximately 0.75 seconds and 15 sec-
onds.

16. A method for controlling a lighting load using a dimmer
switch adapted to be coupled to at least one of an accessory
control or a standard maintained three-way switch that i1s
coupled to one of a source or the lighting load, the method
comprising;

receiving user mput;

determining whether the user input 1s from an actuation of

a local actuator associated with the dimmer switch or the
accessory control or from an external control signal of
the standard maintained three-way switch;

when the user mput 1s from the actuation of the local

actuator associated with the dimmer switch or the acces-
sory control:

determining whether the local actuator 1s a toggle actuator;
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turning the lighting load oif at a first turn-oit fade rate when
the local actuator 1s the toggle actuator and the lighting
load 1s on;

when the user mput 1s from the external control signal of

the standard maintained three-way switch:

determiming whether a state of the external control signal

has changed; and

turning the lighting load off at a second turn-oif fade rate

that 1s faster than the first turn-oil fade rate when the
state of the external control signal has changed and the
lighting load 1s on.

17. The method of claim 16, further comprising:

turning the lighting load on at a first turn-on fade rate when

the local actuator 1s the toggle actuator and the lighting
load 1s off; and

turning the lighting load on at a second turn-on fade rate

that 1s faster than the first turn-on fade rate when the state
of the external control signal has changed and the light-
ing load 1s off.

18. The method of claim 17, further comprising when the
user mput 1s from the actuation of the local actuator associ-
ated with the dimmer switch or the accessory control:

determining whether the local actuator 1s a raise actuator;

and

increasing an intensity of the lighting load when the local

actuator 1s the raise actuator.

19. The method of claim 17, further comprising when the
user iput 1s from the actuation of the local actuator associ-
ated with the dimmer switch or the accessory control:

determiming whether the local actuator 1s a lower actuator;

and

decreasing an intensity of the lighting load when the local

actuator 1s the lower actuator.

20. The method of claim 17, wherein the first turn-on fade
rate 1s approximately 0.75 seconds.

21. The method of claim 20, wherein the first turn-oit fade
rate 1s approximately 2.5 seconds.

22. The method of claim 17, wherein the second turn-on
fade rate 1s approximately 0.5 seconds.

23. The method of claim 22, wherein the second turn-off
fade rate 1s approximately 0.75 seconds.
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